Abstract: Introduction -This article describes the level of bioinformatics services offered by academic libraries across Canada. It also assesses faculty use of bioinformatics resources and the need for library bioinformatics services at one academic institution, Concordia University. Methods -To assess the level of bioinformatics services at Canadian universities, a survey was sent to life and health sciences librarians at English-speaking Canadian universities comparable to Concordia University. To assess faculty use of bioinformatics and the need for bioinformatics instruction, another survey was sent to faculty of the Centre for Structural and Functional Genomics at Concordia University. Results -Approximately one-quarter of librarians surveyed provided services such as online research guides for bioinformatics resources, workshops, or online tutorials. Individual consultations with students were infrequent. The majority of the libraries where bioinformatics services were offered were at universities with a medical school. The faculty survey indicated that Concordia Centre for Structural and Functional Genomics researchers are heavy users of bibliographic and bioinformatics databases, using at least one of these databases on a daily basis. Most faculty members learned how to use bioinformatics databases on their own and regularly teach the use of these databases to their students or colleagues. Nevertheless, faculty at Concordia seem to be open to some form of collaboration with the library for the provision of bioinformatics services. Discussion -Although librarians can participate in the teaching of bioinformatics database skills, library services in bioinformatics at Canadian university libraries are still in the embryonic phase. Librarians should be trained in the use of these databases to increase their confidence and expertise and to help them market these skills to faculty and students.
Introduction
Over the past two decades, genomics, the study of all the genes found in an organism [1] , has been responsible for explosive growth in the generation of biological information. ''This deluge of genomic information [requires] computerized databases to store, organize, and index the data and for specialized tools to view and analyze the data'' [2] . This type of handling of DNA and protein sequence data is a relatively new field of study called bioinformatics. Given the field's essential reliance on databases, it would seem to make collaborations with libraries and librarians on the use of these databases a natural fit. However, studies have shown otherwise. In fact, the provision of library services such as instruction or consultation in the field of bioinformatics is embryonic. Bartlett [3] found that members of research groups learned how to use bioinformatics databases through informal instruction by colleagues who were the most knowledgeable about these resources. Another study by Brown [4] on the use of bioinformatics databases by molecular biology graduate students showed that 92% of those surveyed used these databases on a regular basis to search for sequences or to compare their data with that of others. However, when asked how they learned about the databases, the majority reported having learned from their graduate supervisor, in a class, or from other students. The library or librarians were never listed as the source for this knowledge. Brown thus concludes that students in molecular biology overlook the library as an ''information ground'' or ''information community'' in favour of their mentors or colleagues in the laboratory.
It is clear from Brown's study [4] that the use of bioinformatics databases, such as GenBank, OMIM, and BLAST, is being taught in universities. The American Society for Biochemistry and Molecular Biology (ASBMB), in their recommended biochemistry and molecular biology undergraduate curriculum, lists the use of computer databases and bioinformatics as core content [5] . In fact, Dinkelman [6] points to a series of articles published in the life sciences pedagogical literature where instruction on the use of these databases is incorporated into the undergraduate curriculum. However, she notes that this literature never alludes to faculty-librarian collaborations as an effective means of database instruction. This does not mean that collaborations do not exist, but studies seem to indicate that they are uncommon.
For example, one study by Messersmith et al. [7] looked at the frequency of faculty-librarian bioinformatics collaboration in the United States, or more specifically, the extent of library bioinformatics workshops as a form of end-user support in that field. The authors reviewed 239 American university websites to see if bioinformatics workshops were offered either by the library, by a bioinformatics centre, or by other facilities. Only 15 (6.5%) of all libraries at these universities were involved in providing bioinformatics workshops. The percentage was lower if universities with medical schools were removed from the analysis. What is more interesting is that bioinformatics liaison librarians were responsible for teaching all 15 workshops, and that these specialists offered a complement of other bioinformatics services such as research guides, class specific instruction, reference and consultation services, and collection development.
Much of the literature on the provision of library services in the field of bioinformatics is written by these bioinformatics liaison librarians who in most cases have advanced degrees (usually a Ph.D.) in the life sciences [8] [9] [10] [11] [12] . This specialization may be very important when reaching out to faculty. Rein [9] describes how at Purdue University, scientists for whom bioinformatics library services were created felt that librarians may not have the knowledge or training required to comprehend bioinformatics research.
Nevertheless, the lack of an advanced degree in the biological sciences should not deter librarians from offering library services in this field. To this end, Kajosalo [13] identifies three service levels that libraries can offer. The basic level requires that librarians have some knowledge of bioinformatics databases, as well as the ability to locate bioinformatics resources and offer introductory training programs. At this level of service, librarians would also perform collection development in the field and curate a portal of bioinformatics web resources. A librarian with a Masters degree in information studies should have the necessary skills to offer this level of service. The intermediate level requires that at least some librarians have the ability to answer reference or instructional questions, such as how to identify appropriate tools for research. This level of service offers course-integrated instruction, one-on-one consultation services, and provides the ability to negotiate database licensing. Having the ability to provide these services would require staying current with the evolution of bioinformatics resources, both theoretically and through practice. Finally, the expert level requires a specialist in the library who could handle analytical questions such as how to plan experiments or offer in-depth assistance with data analysis. This type of service would be offered by dedicated specialist(s), not necessarily librarians, with a bioinformatics or a cheminformatics background.
Yarfitz and Ketchell [12] looked at bioinformatics questions at the University of Washington Health Sciences Libraries and found that at least 90% of the questions could be answered by librarians with training in the use of bioinformatics tools and databases: 15% of the questions were basic, directional, questions that focused on how to locate resources, programs, or databases; and 75% of inquiries, labelled technical questions by the authors, were in fact traditional reference or instructional questions. These questions involved helping users identify appropriate databases or programmes for a specific task. The last 10% of questions were mostly analytical or expert level questions, as described by Kajosalo [13] (see the previous paragraph). From the Yarfitz and Ketchell study [12] , it can be assumed that the majority of bioinformatics-related questions can be answered by librarians without advanced degrees in the biological sciences but with sufficient training in bioinformatics resources.
Following this assumption, the development of library bioinformatics services should be feasible. To this end, Geer [14] provides a series of useful suggestions:
N The reference desk staff should be trained to answer directional questions and to refer reference or instructional questions to the appropriate librarian specialist.
N A web portal should be created providing a space where bioinformatics tools and databases could be listed as well as news pertaining to the provision of library services in the field.
N Workshops should be provided for a variety of resources and for a variety of audiences. More specifically, curriculum-integrated instruction should be proposed to the relevant professors.
N In addition, one-on-one consultations should be available to students and faculty alike.
N Finally, evaluating, selecting, licensing, and providing technical assistance for bioinformatics databases would be helpful.
Most of the articles written on bioinformatics services in academic libraries were published prior to 2007 and pertain to services offered in libraries in the United States. Therefore, the first objective of this study was to examine bioinformatics services provided by libraries in Canadian universities using Geer's [14] recommendations listed above. Furthermore, since the study by Messersmith et al. [7] indicated that the provision of bioinformatics services in academic libraries in the United States was more common at universities with medical schools, particular attention was also paid to evaluate whether this finding equally applied in the Canadian context. The second objective of this study was to establish the need for bioinformatics services in one academic setting: Concordia University, in Montréal, Quebec. In the fall of 2009, Concordia University announced its plans to invest nearly $30 million dollars in the Centre for Structural and Functional Genomics [15] . This centre will house researchers from multiple departments and may require additional support from the library, which, as of yet, has not developed elaborate services in the field of bioinformatics.
To accomplish these objectives a survey was sent to librarians who are potential bioinformatics service providers in Canadian academic libraries and whose responsibilities lie in the biological or health sciences. The results of this study will hopefully provide direction to all Canadian librarians who wish to develop services for students and faculty in bioinformatics.
To assess the bioinformatics needs of stakeholders who could benefit from library services in this field, a second survey was sent to the faculty members of the Centre for Structural and Functional Genomics at Concordia University to establish their use of, and desire for, instruction in bioinformatics tools and databases. This survey would help to assess whether the bioinformatics needs of faculty and their students are fulfilled at Concordia University and whether services could be developed to address their needs.
Methodology

Librarian survey
To survey librarians across Canada, 21 universities with a student population similar to that of Concordia University were chosen in English Canada (given possible cultural differences that could impact service provision, universities in Quebec were not sampled). Library websites for the 21 universities were visited to gather the names and contact information of librarians whose subject responsibilities were in the biological or health sciences. Subject responsibilities included biology, biochemistry, molecular biology, cell biology, genetics, microbiology, plant science, biotechnology, biological engineering, and medicine. In October 2009, a total of 57 librarians were contacted individually by e-mail. A link to a SurveyMonkey survey was provided. The survey was designed to assess whether (1) the level of bioinformatics services offered were similar to those suggested by Geer [14] above and whether (2) librarians working in universities with medical schools provided a greater number of bioinformatics services, as suggested by Messersmith et al. [7] . Survey responses were anonymous. The survey is presented in Appendix A. A list of the universities contacted is presented in Appendix B.
Faculty survey
To survey members of the Concordia University Centre for Structural and Functional Genomics, individual e-mails were sent to the 22 faculty members listed on the Centre's website to ask them to fill out a survey on their use of bioinformatics tools and resources. This survey was also sent in October 2009. The design of the survey was modeled on the one prepared by Brown [4] in her study on the use of bioinformatics databases by graduate students in molecular biology. Survey responses were anonymous. The survey is presented in Appendix C.
Results
Librarian survey
A total of 32 librarians responded to the survey (56% response rate). Of the librarians who responded, 69% (n 5 22) have a formal education in the sciences. From this subset, 36% (n 5 8) have an undergraduate degree and 64% (n 5 14) have a graduate degree. Degrees were in the following subject areas: engineering, physics, mathematics, organic chemistry, medicine, nursing, optometry, biosystematics, biology, anatomy, zoology, insect physiology, vertebrate morphology, geology, earth sciences, oceanography, and psychology.
Of all the librarians who responded, 69% (n 5 22) work at a university where there is a medical school. Also, none of the librarians listed bioinformatics as one of their subject or liaison responsibilities. Table 1 summarizes the responses to the questions on the provision of library services in bioinformatics. The results indicate that 19% (n 5 6) of librarians reported having provided class-specific bioinformatics workshops. However, if only respondents from universities with medical schools are considered, the percentage increases to 23%. Only 6% (n 5 2) of librarians reported giving general bioinformatics workshops not connected to classes. These two librarians also provided specific workshops for classes. Finally, only one librarian had created online bioinformatics tutorials. Another respondent indicated that although their library had not created their own tutorials, they were currently running a trial on Open Helix, a subscription resource of online bioinformatics tutorials and assessing student and faculty need for this tool.
A larger percentage of librarians, 25% (n 5 8), had created bioinformatics research guides. The majority of these librarians worked at a university where there was a medical school and five of them had provided a bioinformatics workshop for a class. Finally, a total of 32% (n 5 10) of all respondents had received questions from students and faculty regarding bioinformatics resources. The questions were, however, very infrequent. A few librarians commented on the reasons why there was very little provision of bioinformatics library services at their library: 
Faculty survey
A total of 12 out of the 22 faculty members responded to the survey (54.5% response rate). Their fields of study were biochemistry, cell and molecular biology, plant biology, microbiology, bioinformatics, and genomics. Biochemistry was the field of study most frequently mentioned (50%, n 5 6).
PubMed was the most frequently consulted database: 83% (n 5 10) of faculty members reported consulting it daily. Web of Science and SciFinder were the next databases used most. The majority of Web of Science users (42%, n 5 5) consulted the database monthly; whereas, SciFinder was mostly consulted weekly (33%, n 5 4). Faculty members who listed biochemistry as their field of study use the Web of Science and SciFinder databases most frequently. BIOSIS and INSPEC were the least used of all the databases. Interestingly, one biochemistry faculty member indicated in the ''Other databases'' field that he (or she) browses references in the Protein Data Bank on a daily basis. Figure 1 shows all responses for the frequency of bibliographic database consultation.
All respondents of the survey use bioinformatics tools and resources with 100% (n 5 12) using at least one resource weekly. BLAST and GenBank are the most frequently used tools and databases; both being used daily or weekly by 83% (n 5 10) of faculty members. SWISS-PROT and Protein Data Bank follow close behind with consultations daily or weekly, by 75% (n 5 9) and 58% (n 5 7) of faculty members, respectively. TrEMBL is the least frequently used, with only 42% (n 5 5) of faculty members consulting it daily or weekly. Some faculty members also indicated using other databases. For example, one respondent uses BRENDA (an enzyme database) and Amigo (a gene ontology database) on a daily basis, as well as CAZy (Carbohydrate-Active Enzymes) and KEGG (Kyoto Encyclopedia of Genes and Genomes) on a weekly basis. Another respondent uses ExPASy (a proteomics database) on a daily basis. Figure 2 shows all responses for the frequency of bioinformatics tools and database consultation.
To the question ''why do you access Web-based bioinformatics database(s)?'', 50% (n 5 6) responded that they access the databases to deposit data, and 92% (n 5 11) responded that they use the databases both to compare their data with that of other laboratories and to look for newly deposited sequences and structures from other laboratories. To the question ''where did you learn how to use bioinformatics databases?'' the respondents said that they learned on their own, (67%, n 5 8), and (or) from colleagues, (67%, n 5 8). These colleagues include graduate students (25%, n 5 3), postdoctoral fellows (25%, n 5 3), or professors during classes in their graduate or undergraduate studies (17%, n 5 2). One member listed learning from reading scientific articles. None of the respondents listed a librarian as someone who taught them how to use these databases.
To the question ''to whom have you taught the use of bioinformatics databases'', 100% (n 5 12) indicated teaching it to the graduate or undergraduate students that they supervise in their laboratories, 67% (n 5 8) have taught it to their colleagues and 75% (n 5 9) taught these databases to students in classes at the graduate or undergraduate level. Finally, 50% (n 5 6) indicated that they had taught the use of these databases or tools to technicians in their laboratories.
Finally, to the question ''do you believe the library should play a role in training or consulting with students or faculty in the use of bioinformatics databases (for example, by giving workshops or helping individual students with questions they may have)'', 58% (n 5 7) responded in the affirmative, while 33% (n 5 4) said no. Of the respondents who were not in favour of the library being involved in training, one indicated that ''expertise might be insufficient''; whereas, another said ''I think students should learn this in the context of their regular classes.'' Other comments include the following:
N ''Any help would be useful. Pubmed [sic] instruction is helpful for the students. For the use of data bases, I have some doubt that the library would have the expertise to train students. If you could develop it, I would support it. I teach bioinformatics, I would be willing to participate in the development of a free standing system such as tutorials-on-line.'' N ''Bioinformatics is an integral and important part of life science and its importance will only increase. Knowledge on the effective use of these databases and their limitation (e.g., accuracy of the source of data) is extremely useful for understanding complex biological problems.'' N ''I would doubt that someone at the library would have the depth of knowledge needed for in-depth research; certain aspects could certainly be covered for undergraduates, but I think I would have to be convinced that the library was the right place to deliver this. It would certainly be worth discussing working cooperatively.'' N ''For a science library this would be really progressive.
Even if we cover in some courses, it pays to have it reinforced.'' N ''No workshops please; one on one''
Discussion
The provision of library services in the field of bioinformatics in Canadian universities is still in an embryonic state. This study looked at the levels of services that can be provided, as described in Geer's article [14] . These include class workshops, general workshops, online tutorials, online subject guides, and individual consultations. The most common type of service provided was individual consultations, with 32% of librarians having provided this service in the past, although these consultations happened infrequently. Online research guides in bioinformatics were also common, with 25% of respondents providing this service. Finally, the other types of services, such as workshops or online tutorials, were provided by less than 20% of librarians.
The generally low level of library involvement in bioinformatics services was also reflected in the fact that not one librarian surveyed listed bioinformatics as being their subject or liaison responsibility. A few of the librarians surveyed also commented that, help and instruction in the use of these tools and resources occurs in the faculties and that librarians may not have the necessary expertise to deliver service in this area.
Nonetheless, it was interesting to note that the majority of Canadian librarians surveyed (69%) had science degrees. In Winston's [16] review of the literature on the educational backgrounds of librarians in science and engineering libraries, surveys in the 1980s and 1990s indicate that between 18% and 67% of librarians have some kind of university science degree. A study by Hackenberg and Chu [17] on the academic backgrounds of science librarians showed that librarians:
with a science background hold an advantage and can step into a sci-tech position feeling confident from day one depending on the library setting they are in and how well matched they are with the position description. This idea is supported by Stuart and Drake (1992), ''The science or engineering degreed librarian with a grounding in subject material, practice in scientific and research methods, and a presumed enthusiasm for the subject discipline is more likely to establish valuable relationships with clients and be able to provide effective information services.'' Even though the librarians surveyed in this study may not have much experience in bioinformatics, their science degrees could be used to promote their understanding of scientists' needs. In fact, in the survey of Concordia University faculty members, a majority of faculty members seemed open to library services in the field of bioinformatics. This may be due, in part, to their awareness of the author's science degrees. Only 2 out of the 12 respondents commented that the librarian's knowledge may be insufficient.
On the other hand, faculty-librarian collaborations in this field may be influenced by other factors. Interestingly, Messersmith et al. [7] showed that the presence of a medical school is positively correlated with the provision of library services in bioinformatics. Their study found that, of the 239 American university websites examined, only 6.5% of the libraries provided bioinformatics workshops; however, this total increased to 10.7% if the university had a medical school. In this respect, this study on Canadian university libraries seems to corroborate the findings of Messersmith et al. since the majority of universities where workshops and other services were provided by librarians had medical schools. It may be that medical schools have a stronger history of faculty-librarian collaborations, because many medical schools have a dedicated medical or science library with health sciences librarians who may work as a team to develop services. It may also be that these schools offer more genetics or molecular biology classes, which lend themselves well to bioinformatics workshops.
Faculty-librarian collaborations in the biology department at Concordia are slowly evolving but require more outreach strategies such as offering workshops and one-onone consultations or creating tutorials. One explanation for the lack of library involvement in bioinformatics services is that since surveyed faculty members are avid users of bioinformatics and literature databases, they may consider their database searching skills and knowledge of the discipline better suited to teach these resources to students. Another possibility is that since many of them learned on their own (67%) or were taught in a collaborative laboratory setting, they may expect the same type of learning from their students.
The results of the survey of Concordia faculty members regarding their substantial use of literature and bioinformatics databases differ from those of Brown's study [18] . Brown looked at the use of bioinformatics and literature databases by molecular biology, biochemistry, and biomedical faculty and post-doctoral fellows at the University of Oklahoma. Brown found that 46% access MEDLINE on a daily or weekly basis whereas at Concordia, 100% of respondents use PubMed daily or weekly. Perhaps the use of the word MEDLINE in her survey confused the respondents, as she indicated that a few scientists listed PubMed in the ''other databases used'' category. Brown's study also found that 52% of respondents access bioinformatics databases daily or weekly. At Concordia, once again, 100% of respondents use at least one of the bioinformatics databases daily or weekly. One reason for the differences in use may be that Brown's study was conducted in the early 2000s when use of online databases may have been less prevalent. The different results may also reflect that Concordia University survey participants were chosen specifically because they were part of a genomics research centre. Bioinformatics tools are usually a necessary part of their research, which would therefore have some bearing on the survey results. If all teaching faculty in the biochemistry and biology departments at Concordia University were surveyed, the results may have been closer to those obtained by Brown. Although faculty members surveyed here use literature and bioinformatics databases abundantly, the effectiveness of their search skills remains unknown. Geer [14] showed in her study that 70% of searches in Entrez were done as simple queries without field specifiers, Boolean operators, or other advanced search techniques. This was even more pronounced in specific databases such as Entrez Protein where 89% of queries were simple searches. Geer notes that ''these kinds of statistics bring into question how well most users understand the scope of a particular data domain and the software features that can help them to hone their search precisely to their needs and how effectively or efficiently they are currently mining the data'' [14] . These results reinforce the idea that librarians, who already have instructional experience and expertise in searching complex databases, have excellent potential to develop data mining expertise in bioinformatics as well as provide instruction on how to use bioinformatics tools and databases. In addition, librarians should market their skills more energetically to faculty and students.
Whether or not the faculty members at Concordia are effective searchers, many of them are teaching bioinformatics tools and resources to their students in classes. At Concordia, there is a graduate class in bioinformatics (BIOL 510) that covers the use of these databases. Therefore, the need for inclass library workshops at Concordia at the graduate level may be less important than providing guidance in the form of online research guides, tutorials, and one-on-one consultations. Furthermore, cooperating with faculty in developing workshops for undergraduate students may be more practical. In a preliminary survey sent to graduate students in biology and biochemistry at Concordia University, one student made the following comment:
Ideally, instruction would be wonderful, however, as with many people, my research needs are unique to me. After taking a bioinformatics course I found only a small fraction of the programs covered over the term to be useful. I would be very interested in two possibilities. A brief and general overview of 'what is out there'. And the ability to have detailed instructions on specific programs and (or) clusters of programs grouped in concepts, such as programs good for looking at: protein interactions, sequence similarity, structural and motif predictions, whole genome sequences and mapping.
Conclusion
At Concordia University, like at most universities across Canada, science librarians, present and past, have been reluctant to provide library services in bioinformatics. To overcome this tendency, additional bioinformatics training is needed to develop confidence when discussing bioinformatics services with faculty. Also, the creation of online research guides in bioinformatics, as well as online tutorials on effective searching techniques, could be a good outreach tool to inform faculty of a librarian's level of understanding about these tools and resources. Additionally, Lyon et al. [19] recommend finding ''initial advocates on the faculty and research staff who are library supporters, particularly those who champion bioinformatics education (e.g., at the undergraduate level). They can serve as an entry point into the research community.'' The faculty survey at Concordia University indicates that the majority of professors surveyed were open to collaborations with the library.
Limitations and directions for future research
The anonymity of the library survey made it impossible to know whether there were clusters of responses from particular universities. Thus, it is possible that certain universities weighted the results in a particular direction.
As for the faculty survey, the responses may have been biased since the author is well known by many of those surveyed. A larger study on bioinformatics researchers' perceptions of the library's role in bioinformatics would be beneficial. To complement this area of study, an investigation into the bioinformatics database search skills of students and faculty could help to elucidate why the majority of searches in Entrez are simple queries that do not take advantage of advanced search techniques [14] .
